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the 21 st century 
Roy Szweda, Associate Editor 
I In the past half-decade, laser diodes have forged a strongly growing new market sector, that of diode-pumped 
laser systems. However, this augmentation of traditional asers looks set to be only a transition phase that leads 
to direct-power applications of diode lasers. To ensure its place in this market, the already strong laser industry 
in Germany is teaming up with academe to form a new cooperative network called NOVALAS. Built on earlier 
successes in diode lasers, NOVALAS is coordinating efforts to develop novel all-solid-state laser systems. 
I 
n the previous article in this se- 
ries (Vol 11, No 5, p. 16-21), we 
looked at the competitive III-Vs 
electronic device sector. To con- 
clude this year we switch back to 
developments in optoelectronics. 
After all, while III-Vs might always 
have competition in the electron- 
ics marketplace, for the foreseeable 
future at least it can be confident 
of having most of the opto market 
to itself. One of the most important 
sectors in optoelectronics i  the 
diode laser. The present market for 
this growing family of devices al- 
ready amounts to over half the to- 
tal lasers market (Figure 1). The 
present laser market is worth near- 
ly US$3.5 billion and diode lasers 
are worth around $1.7 billion. 
Moreover, while the traditional, 
i.e. non-semiconductor, laser mar- 
ket will continue to see some 
growth it will be somewhat less 
than that of diode lasers. Diode 
lasers have long been widely used 
as light emitters in fibre optic 
telecommunications and for opti- 
cal data storage in CD-ROMs. 
However, diode lasers can also de- 
liver optical power. Already these 
devices are increasingly found in 
applications such as materials pro- 
cessing (cutting, drilling, welding, 
etc.), as well as in laser printers, 
displays and non-invasive surgery. 
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Figure 1. The world market for lasers 1997-2002: the total market for lasers of all kinds was 
worth nearly US$3.5 billion in 1997 and will grow to over $10 billion in 2002. The forecast il- 
lustrates how the traditional, L e. non-semiconductor, laser market made up of gas and crystal 
lasers etc., will continue to grow but the largest growth will be seen by the diode laser sector. 
In fact, since the advent of the 
high-power diode laser, laser tech- 
nology is experiencing a funda- 
mental structural change. The 
high-power diode laser is steadily 
becoming the key device of a new 
class of lasers that will progressive- 
ly replace gas lasers and lamp- 
pumped solid-state systems. 
At the moment, the market is 
largely concerned with diode- 
pumped solid-state lasers but is al- 
ready showing signs of moving 
further towards direct-diode sys- 
tems. The direct-diode power laser 
has many advantages such as com- 
pactness, efficiency, lifetime, lower 
maintenance, modularity and, not 
least, cost. 
In Germany this trend has al- 
ready been recognized and plans 
are being laid to make sure that the 
national aser industry will main- 
tain its leading position. This is 
underlined by the 'NOVALAS' pro- 
gramme - short for 'inNOVAtive 
LASer systems'. The project, based 
on high-power diode lasers, is be- 
ing funded by the Federal Ministry 
of Education, Science, Research 
and Technology (BMBF). 
The cooperative r search of the 
network aims at building on and 
extending the knowledge base al- 
ready established between 1994 
and 1997 in the framework of the 
joint effort 'High-Power Diode 
Lasers and Diode-Pumped Solid- 
State Lasers'. This predecessor in- 
volved 20 partners from industry 
and research institutes contribut- 
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ing 31 projects, and generated the 
basis for an industrial production 
of diode lasers pushing laser tech- 
nology to a new standard.The mul- 
tilateral cooperation yielded much 
fundamental scientific-technical 
work as well as the necessary infra- 
structure to enable the exploration 
of innovative laser systems and 
their application potential under 
NOVALAS. 
The objective of the NOVALAS 
project is to identify the require- 
ments and develop laser diodes suit- 
able for material processing tools 
for manufacturing industries. The 
project involves 38 partners (13 
companies and 25 institutes) and is 
anticipated to last four and 
a half years, with a total budget 
of about DM96 million (approx. 
$55 million), out of which DM47 
million are from BMBF funds. 
Improvements in beam quality, laser 
output power and the development 
of new application areas are key ob- 
jectives of the research project. 
Focal topics of NOVA[AS are: 
• access to high brightness high- 
power  diode lasers; 
• mounting of such lasers to high- 
brightness modules; 
• and demonstration of novel all- 
solid-state laser systems. 
Diede-pumped solid state 
laser systems 
Laser revolution 
Dr Roland Diehl of the Fraunhofer 
Institute, General Coordinator of 
NOVALAS, is convinced of the 
need for the programme: "So pro- 
found is the change facing the 
worldwide laser industry it is akin 
to the displacement of the vacuum 
valve (tube) technology by the 
transistor. The diode laser is on the 
move to revolutionize laser tech- 
nology as the transistor did with 
electrical engineering." 
The German laser industry now 
has a strong position in the world 
laser market for conventional sys- 
tems but it must move with the 
times, Diehl says. To keep its com- 
petitive position it has to step into 
new laser application fields. More 
than that, he says the industry must 
Figure 2. The NOVALAS project roadmap. 
not only respond to the challenge 
of the new technology but also ac- 
tively shape it. This was the back- 
ground when the earlier 
programme on high-power diode 
lasers and diode-pumped solid- 
state lasers started in 1994. 
Nevertheless, despite the great 
promise of direct power  diode 
lasers, these devices are as yet 
fairly immature and quite a num- 
ber of technological obstacles have 
to be overcome. Such R&D is not 
inexpensive and this is why 
German companies and universi- 
ties are combining together under 
the national programme to devel- 
op the necessary manufacturing 
processes. 
Laser roadmap 
During the lengthy planning stage 
for the NOVAI~S project a 
roadmap was drawn up (Figure 2). 
"This roadmap is the key to enable 
us to follow the best route to these 
new generations of all-solid-state 
laser systems. It has been set up to 
be worked through iteratively, re- 
setting the state of the art after 
each loop. It will thus form the ba- 
sis for a steady innovation 
process", explains Dr Diehl. 
NOVALAS is a response to the 
growing importance of high-pow- 
er diode lasers for forthcoming 
generations of advanced laser sys- 
tems. Future-oriented R&D must 
include fabrication, mounting, and 
application of high-power diode 
lasers. More information on the or- 
ganization of this Network, with its 
joint project topics and partners, 
can be found on the NOVALAS 
website: http ://novalas. fhg. de/net 
scape/index_eng.htm. 
Innovation 
Today's standard iode lasers come 
in the form of bars.These comprise 
a semiconductor structure with 20 
to 30 groups of up to 20 parallel 
single laser stripes, all made in a 
single epitaxial growth run. 
When mounted so as to remove 
excessive heat, one diode laser bar 
(typical dimensions 0.6 x 10 mm 2) 
can emit an optical power  of over 
50 W. By stacking many such bars 
output powers of >1000 W can be 
achieved. 
"Such diode laser bars can be 
manufactured at reasonable costs 
but at present hey have the draw- 
back that their beam quality is un- 
satisfactory", says Diehl. "We and 
other researchers have come up 
with special designs such as diode 
lasers with a trapezoidal cavity." 
The laser beams emitted by such 
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high-power diode lasers can be fo- 
cused to small spots using fairly 
simple lens arrangements hat do 
not add significantly to the cost.At 
the focal region power densities of 
several hundred kilowatts per cm 2 
can be achieved. This is sufficient 
for many applications previously 
considered only for gas or solid- 
state lasers - such as the welding 
of steel sheet. 
In other applications the power 
can be coupled to an optical fibre 
so that the power is available at the 
free end and directed to wherever 
the flexible fibre is placed. This 
confers a great deal of flexibility in 
the application of laser power pre- 
viously unavailable to traditional 
lasers, for example in 'key-hole' 
surgery. 
R&D topics 
The general technical objectives of 
the network to realize high-power 
diode lasers and diode-pumped sol- 
id-state lasers are to increase pow- 
er, power density, efficiency and 
beam quality. From the user view- 
point, compact dimensions, little 
maintenance effort and low costs 
are essential as well. Both parame- 
ter sets can be optimized simul- 
tanously with diode lasers. 
Exploiting novel operational fea- 
tures, advanced lasers are under 
development to become all-solid- 
state systems. 
The concerted research of the 
NOVALAS Network aims at elaborat- 
ing and understanding the funda- 
mentals for new laser generations. 
Research is directed towards more 
compact units and improved applic- 
ability, higher optical output power 
and higher brightness across the 
wavelength spectrum, as well as to- 
wards higher reliability. As NO- 
VALAS has only just begun, it is 
worthwhile looking back at some 
of the achievements of its precursor 
project o see what progress has al- 
ready been achieved, and where 
NOVALAS will have to pick up the 
line of work and carry it through to 
its objective. 
Manufacturing technology - crys- 
tal growth, epitaxy and device 
patterning 
Since diode laser fabrication is 
based on more or less the same 
general principles as semiconduc- 
tor device manufacture much eco- 
nomic advantage can be accrued. 
However, in several respects there 
is a major need for improved qual- 
ity source materials uch as better 
semiconducting GaAs wafers with 
lower dislocation density, i.e. be- 
low 500 cm 2. Good progress has 
already been made but further 
work is still needed. 
So too with the epitaxial 
growth process, which is one of 
the key steps in the fabrication of 
the laser. As a result of the com- 
pactness of the devices, watts of 
optical power demand a stringent 
manufacturing process. Power  
densities of up to 10 MW.cm 2 oc- 
cur at the mirror facets of diode 
lasers and so even the slightest 
impurities or irregularities can im- 
pair or even destroy the diode. At 
these power densities ageing 
processes come into effect as 
well, which reduce lifetime con- 
siderably in the case of non-opti- 
mum mounting. The research 
projects have proved very suc- 
cessful: so far high-power diode 
laser bars have been manufac- 
tured that routinely ield lifetimes 
of 50 000 hours at maximum out- 
put powers exceeding 50 W. 
Assembling technology - solder- 
ing, heat sinks, beam forming 
Diode lasers are soldered to heat 
sinks (submounts) and provided 
with electrical contacts.The metal- 
lic solder junction between laser 
and heat sink requires utmost care 
because it must stand a current 
density of 500 A.cm "2 and dissipate 
waste heat of 1 kW.cm "2. Mounting 
of diodes requires the highest pre- 
cision and a complete mastering of 
the process. Microoptics can be 
added to the submounts to im- 
prove the diodes' beam quality. 
Finally the submounts are stacked 
to form modules with application- 
specific packaging. Heat-sink tech- 
nology has been further developed 
incorporating heatspreaders of 
cheap manmade diamond (the 
heat conductivity of diamond is 
five times that of copper at room 
temperature). Development work 
by the network has yielded mod- 
ule output powers of 1.5 kW at 
lifetimes of some thousand hours. 
Application technology - d /ode .  
pumped solid-state systems, direct- 
diode systems 
A predominant application oppor- 
tunity for high-power diode laser 
modules is in pumping solid-state 
lasers for production and medical 
treatments. Applications that re- 
quire high beam quality and very 
high power densities in the focus 
(of the order of 106 W.cm2), e.g. to 
achieve high processing speeds, 
are going to become the domain of 
solid-state lasers that, progressively, 
will be excited with high-power 
diode lasers rather than the con- 
ventional lamps. In general, advan- 
tages are seen to be the high 
efficiency, the compact set-up, and 
the low-maintenance operation of 
these systems. In these so-called all- 
solid-state lasers, German re- 
searchers hold an leading position 
internationally. Optical output 
powers of 750 W continuous wave 
(CW) operation have been demon- 
strated and recent results are clos- 
er to 2 kW CW. 
However, the new star in the 
laser sky is the disc laser - a revolu- 
tion in laser technology. The disc 
laser is a thin diode-pumped crys- 
tal plate (0.3 mm thick, 7 mm in di- 
ameter) with axial cooling. It 
provides an optimum combination 
of high beam quality, high efficien- 
cy and high optical output power. 
To date, more than 250 W of out- 
put power "with a pumping effi- 
ciency of 50% have been achieved. 
Another joint effort: 
MDS 
Under the umbrella of the 'Laser 
2000' programme, a second joint 
effort has recently been estab- 
lished in parallel to the NOVALAS 
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Network, termed 'Modular Diode 
Laser Systems' (MDS). An indepen- 
dent jury has chosen MDS, a pilot 
project presented by Rofm-Sinar 
Laser GmbH of Hamburg, 
Germany, as one of five new pro- 
jects to be funded by the BMBE 
"We are very pleased with the de- 
cision", commented Hinrich 
Martinen, CTO of Rofm-Sinar. "This 
proposal, which was developed in 
close cooperation with the 
Fraunhofer Institute for Laser 
Technology (FhG-ILT) in Aachen, 
Germany, will help us to establish a
leadership position for German 
companies and institutes in the 
worldwide market of industrial 
laser materials processing." 
The FhG-ILT has considerable 
experience in the field of laser 
technology and the development 
of industrial applications, a result 
of numerous cooperative agree- 
ments with industrial partners in- 
volving more than 1000 R&D pro- 
jects. Two years ago, Rofm-Sinar 
and FhG-ILT agreed to establish a
cooperative partnership for the de- 
velopment of high-power diode- 
pumped solid-state lasers. 
Rofin-Sinar Laser GmbH is a sub- 
sidiary of Rofm-Sinar Technologies 
Inc (Plymouth, MI, USA). The com- 
pany designs, develops, engineers 
and manufactures a wide product 
range of laser beam sources for in- 
dustrial materials processing. 
MDS, coordinated by Dr 
Friedrich Bachmann of Rofin-Sinar 
Laser, is a cooperative project in- 
volving 16 industrial companies 
and six research institutes. It is 
aimed at the so-called irect appli- 
cation of high-power diode laser 
modules, avoiding the 'detour' via 
the excitation of solid-state lasers. 
Cooperation is foreseen for five 
years with a total budget of DM70 
million (approx. $40 million). With 
beam quality on the rise, as-yet 
unforeseen application opportuni- 
ties will present themselves, for 
example in materials processing, 
printing, display and medical 
technologies. 
The 'Laser 2000' concept elabo- 
rated in 1993 by the BMBF is going 
to be a key arbiter of success for 
the future laser industry in 
Germany. Through its organization 
and funding this concerted re- 
search initiative between science 
and industry will be the envy of 
many other laser-based nations. 
Contact: 
Dr Roland DiehL General 
Coordinator 
Tel.: +49-(0)761-5159-416; 
Fax: +49-(0)761-5159-111; 
Email: diehl@iaf.fllg.de; 
http://www.iaf.~hg.de 
Novalas:http://novalas. fhg.de/ 
netscape/index_eng.htm 
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